It is shown that charged hadron multiplicity distributions in lepton-nucleon scattering are fairly well described by the modified negative binomial distribution in the energy range from 3 − 4 to ≃ 220 GeV. The energy behaviour of the parameter k is similar to the dependence observed for e + e − annihilation.
In recent papers [1, 2, 3, 4, 5] negatively charged particle multiplicity distributions in e + e − annihilation have been well described by the modified negative binomial distribution (MNBD) with the parameter ∆ practically energy independent and the parameter k approaching the value 7. The aim of this letter is to show that the MNBD fairly well describes multiplicity distributions in lepton-nucleon interactions with similar behaviour of the parameters.
Let us remind that the MNBD can be defined by the probability generating function
where P n is the probability to produce n particles. For integer k, positive r and negative ∆ lying in the interval −1 ≤ ∆ ≤ 0 the MNBD is positive definite and can be computed as a convolution of the Newton binomial (the numerator in (1)) and the negative binomial (the denominator in (1)), these two distributions are also positive definite. The probabilities P n for the MNBD can be computed also using iteration relations given in the paper [4] or the formulae given in the paper [6] .
In tables 1 and 2 the results of the MNBD fits with fixed ∆ = −0.5 to the published negatively charged particle multiplicity distributions for the reactions µ ± + p → µ ± + X + [7, 8, 9] and µ + + D 2 → µ + + X + [10] are given for different intervals of the invariant mass W of the hadronic system X and the momentum transfer squared Q 2 . The parameter r has been replaced in fits by the the mean multiplicity < n > using the constraint
The data have been selected using two simple criteria: a) the number of measured points n p in the multiplicity distribution exceeds 3 and b) W > 3 GeV . For µ + D 2 reaction the published uncorrected multiplicity distributions have been used, since the effect of corrections is rather small as can be seen from the comparison of the uncorrected multiplicity distributions with results of the negative binomial fits to the "unfolded" distributions [10, 11] .
One can see from tables 1 and 2 that the quality of fits is quite qood, the points with big χ 2 /NDF values are mainly at small W and/or Q 2 . Big χ 2 /NDF at low W can be explained by the rise of the parameter k from ≃ 1 to ≃ 3 in the wide W intervals, at higher W the relative variation of the parameter k becomes smaller and therefore its influence is not seen. It is necessary to note that for points with big χ 2 /NDF acceptable fits are obtained with free ∆ (not shown). The reasonable fits with free ∆ are obtained also in the energy range W < 3 GeV, where n p is usually below 4, i.e. the number of degrees of freedom is too small for two-parameter fits.
In the table 3 the results of the MNBD fits to the multiplicity distributions in the reactions ν + p → µ − + X ++ [12, 13] , ν + n → µ − + X + [12] and ν + p → µ + + X 0 [14] are given. For these reactions the quality of fits is also quite qood, big χ 2 /NDF again are observed mainly for the W intervals near 3 − 4 GeV. As seen from tables 1 and 2 the Q 2 dependence of the parameter k for µp reactions in different W intervals is weak or even absent. The energy dependence of the parameter k for the studied lepton-hadron processes is compared in fig. 1 with the energy dependence of the parameter k for e + e − annihilation, the k values for e + e − data were taken from the papers [4, 5] . For clarity only the part of the values given in tables 1-3 is shown in this figure. The errors of the parameter k for the studied reactions (not given) are of the order ≃ 1 and exceed the errors for statistically more significant e + e − data. The k values for µp reactions follow the dependence observed for e + e − annihilation. The k values for νp scattering are slightly below the ones for e + e − annihilation and approach them from below with the energy increase whereas the k values for νp scattering are slightly above the e + e − data. The k values for µ + D 2 scattering are slightly below the k values for µ + p scattering. Recently charged particle multiplicity distributions for the reaction e + + p → e + + X have been published by the H1 Collaboration [15] . The results of the MNBD fits with the fixed k = 7, as suggested by the e + e − data, are given in the table 4 for the maximum available pseudorapidity interval 1 < η * < 5. The χ 2 /NDF values for MNBD fits are good, but they should be considered just indicative, since the full covariance matrix is not published and therefore the proper treatment of the correlations between measurements of the neighbour multiplicities is not possible. This contrasts presented earlier fits of the muon and (anti)neutrino data obtained mainly using bubble and streamer chambers, where these correlations are small. Nevertheless one can compare these values with the χ 2 /NDF , obtained for fits using another generalization of the negative binomial, so called Generalized Negative Binomial Distribution (GNBD) [16, 17] (see table 4 ). The χ 2 /NDF values for MNBD fits are significantly smaller than for GNBD fits. It is necessary also to note that MNBD fits are one-parameter fits, since only ∆ is free parameter and r has been fixed using the measured mean multiplicity < n ch >, whereas the GNBD fits are two-parameter fits.
One can also estimate the parameter k from the ratio of the dispersion D = (< n 2 > − < n > 2 ) 1/2 to the mean multiplicity < n > using formula
for ∆ = −0.5 it gives
This formula has been applied to the data given in the papers [18, 19, 20] , where multiplicity distributions are not tabulated. The ratio of the dispersion D ch to the mean multiplicity for charged particle multiplicity distribution has been calculated from the results of the negative binomial fits (parameters k N B and < n > N B ) and has been transformed to the ratio for negative charged particle multiplicity distribution. The final formula for the parameter k (called κ to be distinguished from k for MNBD fits) is
where q is the total charge of the hadronic system X in the studied reactions. The energy dependence of the parameter κ shown in the fig. 2 is similar (if not coincides) with the energy dependence of the parameter k in the fig. 1 . The κ values for the H1 data, shown in the figure were calculated from the values of the second normalized moment C 2 =< n 2 > / < n > 2 given in [15] for the interval 1 < η * < 5 using the relation (< n > /D) 2 = 1/(C 2 − 1). The C 2 for the charged particle multiplicity distribution are used, since at the HERA energies the effect of the total charge q of the system X (second factor in the formula 5) can be neglected.
What is the physical meaning of the MNBD parameters k and ∆? One can assume that k is the number of sources of particle production at some stage of interaction, each source develops according to some branching process producing intermediate neutral clusters (as proposed in [1, 3, 4] ) 3 . The constancy of the parameter ∆ indicates that this branching process is pure birth branching process and in this case −∆ represents the cluster decay probability into charged hadron pair (1+∆ is the probabilty of cluster decay into pair of neutral hadrons). Following the statistical model proposed by Goulianos [21] it was assumed in [1, 3, 4] that ∆ should be equal -0.5. But this assumption is incorrect, since it predicts wrong ratio of the average neutral and charged pion multiplicities. In the Goulianos model this deficiency was corrected by "asymmetric" assumption that the neutral cluster decays into charged pion pair or transforms into one neutral hadron. The observed neutral/charged ratio is restored in the model with 2π 0 cluster decay mode if ∆ = −2/3, this value is close to the value ∆ = −0.76 used in the MNBD fits of the e + e − data. One should note that the value ∆ = −2/3 is expected if neutral clusters have zero isotopic spin. The fits of the lepton-nucleon data with ∆ equal to -2/3 or -0.76 give also acceptable fits but in general worse compared to the ∆ = −0.5.
In conclusion, it is shown that the MNBD with fixed parameter ∆ = −0.5 quite well describes lepton-nucleon multiplicity data in the wide energy range from 3 − 4 to ≃ 220 GeV. The parameter k for lepton-nucleon interactions has the energy dependence similar to the energy dependence for e + e − annihilation. The evidence, given in this paper, for the same asymptotic value k = 7 for e + e − annihilation and lepton-nucleon scattering has no direct theoretical explanation now. Future experimental and theoretical studies should show whether this coincidence is accidental or reflects some common dynamical mechanism.
Figure Captions
Fig .1 The energy dependence of the parameter k obtained from the MNBD fits with fixed ∆ = −0.5 to the negative charged particle multiplicity distributions in the lepton-nucleon interactions compared to the k values for e + e − annihilation. For clarity some points are slightly shifted from integer values. The histograms are drawn to guide the eye. Fig.2 The energy dependence of the parameter κ = (< n > /D) 2 = 1/(C 2 − 1) for the reactions e + +p → e + +X [15] , µ + +p → µ + +X [18] , ν+p → µ + +X [19, 20] and ν + p → µ − + X [19, 20] compared to the k values for e + e − annihilation. For the H1 data the measurements in the pseudorapidity interval 1 < η * < 5 are used. Table 1 : Results of the modified negative binomial fits with fixed parameter ∆ = −0.5 to the negative charged particle multiplicity distributions in lepton-hadron reactions µ Table 1 for reaction µ + + p → µ + + X at 14 GeV/c [8] . The results of the MNBD fits with k = 7 to the H1 data [15] with < n ch > fixed at the published values for the pseudorapidity interval 1 < η * < 5 and for the Q 2 interval 10 < Q 2 < 1000 (Gev/c) 2 . In last column the χ 2 /NDF for fits using Generalized Negative Binomial Distribution from the paper [17] 
